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GametophyteDespite being common within the Jarrah forest of southwestWestern Australia, re-colonisation of areas rehabil-
itated after bauxite mining by Austral Bracken Fern (Pteridium esculentum [G.Forster] Cockayne) is an extremely
rare event. To ensure adequate representation of this species within rehabilitated areas, a tissue culture produc-
tion method was developed. Gametophyte cultures produced from in vitro germinated spores were used to pro-
duce sporophyte cultures. Successful acclimatisationwas achieved in the greenhouse,with similarly high survival
(72.4% to 85.0%) for three different environments. Survival increased as the growing container volume increased.
© 2013 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
Pteridium esculentum (hereafter referred to as ‘Austral bracken’) is
native to Australia, New Zealand, New Caledonia, Fiji and Tonga
(Brownsey, 1989). In Western Australia, it is conﬁned to the wetter
parts of the south-west region of the state; with only a few small isolat-
ed populations north of Perth and in the drier interior (Churchill, 1961).
In the northern Jarrah (Eucalyptus marginata) forest, Austral bracken is
mostly restricted to the wetter western side of the Darling Plateau
where it comprises ca. 2% of the total understorey plant cover and is
considered a functionally important understorey component (Norman
et al., 2006). Only two fern species occur in the upland Jarrah forest
(Willyams, 2012) with Austral bracken the sole representative of the
family Dennstaedtiaceae (Marchant et al., 1987).
Alcoa of Australia Pty Ltd. operates two bauxite mines in the north-
ern Jarrah forest. The aim of post-mining rehabilitation is to establish
a self-sustaining Jarrah forest ecosystem.While Austral bracken is com-
mon in unmined forest, it is very rarely found in rehabilitated areas.
Consequently, the over-arching aim of this research was to develop an
effective system to enable this species to be planted in mine rehabilita-
tion. However, little is known about Austral bracken andnopropagation
studies have been reported.ine Environmental Department
Australia.
ws).
y Elsevier B.V. All rights reserved.Spores of the globally widespread and related species P. aquilinum
(Page, 1976) germinate readily on a variety of artiﬁcial media, even in
thedark, but needboth light and temperatures above 4.5 °C for continu-
ing gametophyte growth (Conway, 1949) with germination higher on
solid than liquid media (Shefﬁeld et al., 2001). Furthermore, P. aquilinum
has been propagated using in vitro gametophyte cultures derived from
in vitro germinated spores (Steeves et al., 1955) with gametophyte cul-
tures having no specialised media requirements.
With no publications of in situ or in vivo propagation of P. aquilinum,
but several reports on in vitro propagation, thisworkwas used as a basis
for developing an Austral bracken plant production method consistent
with the reliable spore collection, axenic spore germination and
in vitro plant production methods that have been developed for many
ornamental fern species (Burr, 1975; Padhya and Mehta, 1982; Finnie
and Van Staden, 1987; Roos and Verduyn, 1989; Fernandez et al.,
1993; Fernández et al., 1996; Fernández, 2003).
Austral bracken spores were collected in mid-summer 2000, air-
dried, stored at 21 °C and used for tissue culture initiation within one
month of collection. Working inside a laminar ﬂow cabinet, a small
quantity of spores was mixed with one ml of 0.4% w/v sodium hypo-
chlorite solution in a sterile 10 mL syringe. After 15 min, a further
9 mL of sterile de-ionised water was taken up in the syringe, to dilute
the solution. The spore suspension was then squirted thinly onto the
surface of the fern germination (FG) medium in 250 mL glass jars
with non-vented opaque polyethylene lids. The FG medium consisted
of half-strength Murashige and Skoog (1962) major and minor mineral
Table 1
Effect of pot type on greenhouse survival of tissue culture origin plants, all growing
environments pooled (15 replicates, n = 300, means ± 1 SE). Values in rows with
different letters are signiﬁcantly different (P b 0.05). Grouping determined by Tukey's
family errors multiple comparisons test.
Pot type Pot volume (cm3) Sporophyte survival (%)
Fertil® 42 68 29.3 ± 5.9a
K56 78 34.3 ± 5.5a
K20 200 66.3 ± 5.5b
70 mm plastic 300 84.0 ± 2.8bc
Winnellie® 440 83.0 ± 5.0bc
130 mm plastic 1317 92.3 ± 1.6c
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inositol, 3 μM thiamine HCL, 4 μM nicotinic acid, 90 mM sucrose, pH
5.8 and 0.6% agar. Spore cultures were placed under either diffuse low
light, in full darkness or under one light-tube in a 21 °C growth room
with a 12-h photoperiod. The ﬁrst gametophyte cultures germinated
after 10 days and were then transferred to individual growth vessels
on day 30 (same medium as for initiation). No Austral bracken spores
germinated in full darkness, in agreement with the ﬁndings of Juárez-
Orozco et al. (2013) for other homosporous ferns with photoblastic
spores. This differed from the ﬁndings of Conway (1949), where
P. aquilinum spores germinated in the dark.
The ﬁrst sporophytes developed 2 months after the initiation of the
gametophyte cultures (Fig. 1). Sporophytes were picked out of the ga-
metophyte cultures and replanted into the same medium and vessel
type, except that vented vessel lids were used. The gametophyte
cultures produced 10 to 20 sporophytes per jar every month for
18 months. However, the sporophyte production rate per culture ves-
sel and per sporeline was variable. Gametophyte culture health de-
clined during the second year but selective sub-culturing of the best
material improved cultures to near original quality. Investigation com-
menced onhow to control and increase the number of sporophytes pro-
duced by each culture. Since low sugar concentration (0.5 to 2.0%)
combinedwith low light increased sporophyte formation fromprothalli
cultures of the moss Physcomitrium pyriforme (Menon and Lal, 1972),
the FG medium was compared with a low sugar medium (LS). The LS
medium macro- and micro-nutrients were identical to the FG medium
but with 8 g L−1 sucrose and 5 g L−1agar (compared to 20 g L−1 su-
crose and 6 g L−1 agar). Signiﬁcantly fewer sporophytes were pro-
duced with the LS medium compared with the FG medium (One-way
ANOVA, P N 0.05). Thus, there was an average (±1 SE) of 0.2 (±0.1)
versus 13.1 (±3.2) sporophytes per jar of gametophyte cultures for
the LS and FG medium, respectively.
The effect of three greenhouse acclimatisation environments on
plant survival was tested with sporophytes planted into a 1:1 pine
bark:sand [by volume] potting mix containing 1 g L−1 slow release
fertiliser (NPK 19.4: 1.6: 5; Osmocote®). Speciﬁcally, overhead misting
was compared with capillary mats and troughs of shallow water (nei-
ther received overhead irrigation). Across the three watering regimes,
survival was high (average ± 1 SE = 77.9 ± 4.6%) with no signiﬁcant
effect of water regime (one-way ANOVA, P N 0.05). Additionally, the ef-
fect of six different growing containers (pots) on acclimatisation surviv-
al was tested: survival increased signiﬁcantly as pot volume increased
(One-way ANOVA, P b 0.05; Table 1).Fig. 1. Pteridium esculentum sporophyte, arising from a 4-week-old in vitro gametophyte.Following acclimatisation in a greenhouse for 4 to 8 weeks, the
plants were placed on mobile beds and moved to an open sided
power shade-screen structure with a sprinkler irrigation system for
1 month. The maturing ferns then spent 2 months in the open yards
under green shade-cloth covers giving 70% shade (Gale Paciﬁc Limited,
Braeside, Victoria, Australia) until the fronds were hardened. Average
plant survival (±1SE) on nursery beds was signiﬁcantly higher (One-
way ANOVA, P b 0.05) for shaded plants (64 ± 7.7%) compared with
unshaded plants (49 ± 6.4%). These plantswere thenplanted, inwinter
2001, into newly restoredmine pits. Following planting in the ﬁeld, sur-
vival and spread of these plants was high (Willyams, 2012).
As an alternate technique, spreading blended gametophyte cultures
onto potting mix in the mist house (Finnie and Van Staden, 1987) was
trialled. While this technique did produce sporophytes, they were too
few to use as a mass propagation system and growth rates were very
slow compared with in vitro plants (data not shown).
While fern spore germination can be improved by optimizing the
growth temperature (Juárez-Orozco et al., 2013), this has yet to be test-
ed with Austral bracken. In addition, research is also investigating
whether sexual recombination is occurring in vitro since if each sporo-
phyte is genetically distinct there may be genetic diversity beneﬁts for
rehabilitated sites. In conclusion, this study provides a reliable method
for large-scale production of this little studied fern species.References
Brownsey, P.J., 1989. The taxonomy of Bracken (Pteridium: Dennstaedtiaceae) in
Australia. Aust. Syst. Bot. 2, 113–128.
Burr, R.W., 1975. Mass propagation of Boston fern through tissue culture. Proc. Int. Plant
Propag. Soc. 25, 122–124.
Churchill, D.M., 1961. The Tertiary and Quarternary Vegetation and Climate in Relation to
the Living Flora in South Western Australia. PhD Thesis University of Western
Australia, Perth.
Conway, E., 1949. The autecology of the bracken (Pteridium aquilinum (L.) Kuhn). The ger-
mination of the spore, the development of the prothallus and the young sporophyte.
Proc. R. Soc. Edinb. 163, 325–343.
Fernández, H., 2003. In vitro culture of ornamental ferns. Plant Cell Tiss. Org. Cult. 73,
1–13.
Fernandez, H., Bertrand, A., Sanchez-Tames, R., 1993. In vitro regeneration of Asplenium
nidus L. from gametophytic and sporophytic tissue. Sci. Hortic. 56, 71–77.
Fernández, H., Bertrand, A., Sánchez-Tamés, R., 1996. Biological and nutritional aspects in-
volved in fern multiplication. Plant Cell Tiss. Org. Cult. 56, 211–214.
Finnie, J.F., Van Staden, J., 1987. Multiplication of the tree fern Cyathea dregei. HortScience
22, 665.
Juárez-Orozco, S., Orozco-Segovia, A., Mendoza-Ruiz, A., Pérez-García, B., 2013. Spore ger-
mination of eight homosporous ferns in a temperature gradient. S. Afr. J. Bot. 87,
112–117.
Marchant, N.G., Wheeler, J.R., Rye, B.L., Bennet, E.M., Lander, N.S., Macfarlane, T.D., 1987.
Flora of the Perth Region. Western Australian Herbarium. Department of Agriculture,
Western Australia.
Menon, M.K.C., Lal, M., 1972. Inﬂuence of sucrose on the differentiation of cells with
zygote-like potentialities in a moss. Naturwissenschaften 59, 514.
Murashige, T., Skoog, F., 1962. A revised medium for rapid growth and bioassays with to-
bacco tissue cultures. Physiol. Plant. 15, 473–497.
Norman, M., Koch, J.M., Grant, C.D., Morald, T.K., Ward, S.C., 2006. Vegetation succession
after bauxite mining in Western Australia. Restor. Ecol. 14, 278–288.
Padhya, M.A., Mehta, A.R., 1982. Propagation of fern (Nephrolepsis) through tissue culture.
Plant Cell Rep. 1, 261–263.
Page, C.N., 1976. The taxonomy and phytogeography of bracken; a review. Bot. J. Linn. Soc.
73, 1–34.
8 D. Willyams, M.I. Daws / South African Journal of Botany 91 (2014) 6–8Roos, M.C., Verduyn, G.P., 1989. Collecting and germinating fern spores. In: Campbell,
D.G., Hammond, H.D. (Eds.), Floristic Inventory of Tropical Countries. New York Bo-
tanical Garden, New York, pp. 471–473.
Shefﬁeld, E., Douglas, G.E., Hearne, S.J., Huxham, S., Wynn, J.M., 2001. Enhancement of fern
spore germination and gametophyte growth in artiﬁcialmedia. Am. Fern J. 91, 179–186.Steeves, T.A., Sussex, I.M., Partanen, C.R., 1955. In vitro studies on abnormal growth of
prothalli of the bracken fern. Am. J. Bot. 41, 232–245.
Willyams, D., 2012. Biology, Horticulture and Ecological Restoration in Disturbed Lands of
Selected Jarrah Forest Geophytes. PhD thesis The University of Western Australia,
Perth.
